The implantation of Suape Complex Industrial Port (Pernambuco, Brazil) has resulted in several actions which modified dramatically the landscape and changed the ecological role of the reef and estuarine communities in the area. The main impactful processes in Suape are related to sedimentation by dredging, reef dynamitation, landfill on the reefline, destruction of the mangrove and traffic of large vessels. The main objective of this research consists of providing a brief introduction to the process of assessing environmental impacts occurring in the main estuarine ecosystems. It was used a check-list of the indicators applied to the main four rivers estuaries and the bay of Suape, filled out by the researcher observing in loco, the main environmental impacts. Each impact can present weight 1 (small), 3 (moderate) or 5 (extreme), established subjectively, according to its importance in relation to the principles of the analysis adopted. The most impacted system was the Massangana river estuary (-431) followed by Ipojuca (-296) and Tatuoca (-288 
Introduction
The coastal-estuarine zone is constantly subject to multiple anthropic activities (tourism, urban expansion, oil and gas exploration, port activity, industries, fisheries, aquaculture, farming, agriculture etc.), which cause major environmental impacts.
Preserving, improving or restoring an environmental is defined broadly and expressed in vague terms such as health and environmental integrity (KARR, 1999) . Effective ecological managing involves monitoring plans that make available specific associations between changes in ecosystem condition and health. As coastal populations increase, pressures are multiplied by aquatic resources, and to maintain the benefits generated by these systems, it is necessary to manage the impacts. The ecological integrity requires the reestablishment of a system capable of maintaining a balanced community including species composition, diversity and functional organization comparable to the natural habitat (KARR; THOMAS, 1996) . This goal to be achieved requires that its recovery be correctly evaluated and interpreted (TOTH; ANDERSON, 1998) .
The efficiency in the decision of an environmental quality protocol requires the analysis of complex interactions and the transformation of data into a few metrics rich in information that can serve as a safe guide to the authorities that will perform the management. The effort to generate these metrics is based mainly on environmental indicators. Most of the existing works aim to detect a condition, a diagnosis of the causes of the condition, and/or to pass on the information of this condition to a non-technical audience. In coastal/ estuarine environments it is common to focus on environmental health indicators or environmental integrity, which represent two related concepts, but fundamentally different (LACKEY, 2001 ). Environmental integrity is defined as an unmatched condition of self-sustaining, implying the absence of a few or no impact. In contrast, environmental health is the optimum state of a man-modified system (KARR; CHU, 1997). Environmental health and integrity are interchangeable concepts when it accepts the existence of multiple references to the integrity based on the choices of society. Both concepts recognize that the system used by man is an integral component that will differ significantly from the original healthy conditions.
Environmental quality measures include the use of physical, chemical and biological indicators. Biological indicators are important because they represent the integration of aquatic conditions. Thus, they can be used to obtain both biotic and abiotic conditions as well as cumulative effects. In fact, the use of individual species to indicate pollution degradation has a long history (BAIN et al., 2000) . Subsequent studies have involved the level of community, ecosystem and landscape, including researches incorporating multiple structural and functional aspects of the ecosystem transforming it into indexes of the environmental condition (HUGHES et al., 2002) .
Among the coastal environments of Pernambuco, stands out the Suape region, located about 40 km south of the city of Recife (Pernambuco, Brazil) . In this region, it was implanted from 1970 the Industrial Port Complex of Suape (IPCS), which caused large hydrogeomorphic changes and the functionality of estuaries of the existing rivers. This IPCS is located between the municipalities of Cabo de Santo Agostinho and Ipojuca, occupying approximately 13,500 hectares, of which 3,232.58 correspond to the area of the organized port. The whole complex presents a variable relief of flat and wavy areas, with the original vegetation being the Atlantic Forest, which was replaced in most of the area, before its implantation on site, by sugarcane. The average annual temperature is 27°C and approximately 2000 mm.year-1 rainfall, evenly distributed between dry and rainy periods. The east and southeast winds predominate (NEUMANN-LEITÃO, 1994) .
The port structure is located near the estuary of the river Massangana, and the area of influence also covers the estuarine areas of the Ipojuca, Merepe and Tatuoca rivers. In the areas of the external port and the canal, the average depth is 17 meters. The environments found in the vicinity comprise mangroves, sandy beaches, reefs, seaweed meadows, among others. The construction of the industrial complex of the port of Suape, has caused over the last decades a series of modifications in the ecological characteristics of the region and altered the marine life of the area. The mangroves suffered a large process of severe degradation, resulting from drainage, dams and landfills (BRAGA; UCHOA; DUARTE, 1989) . The partial breaking of the reefs conditioned not only changes in the tidal cycle, but also altered various physicochemical parameters (NEUMANN-LEITÃO, 1994) . In view of this scenario, the idea of conducting a protocol to stimulating the partial restoration of IPCS required initially a detailed assessment of the health and integrity of the entire coastal/estuarine ecosystems and the subsequent use of tools to implant an effective management. For this, special policies are needed for environmental management and territorial occupation, in order to ensure the sustainable development of the region, considering the best use of existing resources, improving the quality of life of its population and the preservation of biodiversity.
Thus, this article was designed to assess the ecological integrity of Suape Complex and requires a multidisciplinary evaluation program. Short-and longterm responses should be obtained from physical, chemical, biological and functional indicators based on observations on spatiotemporal scales. Thus, many information is needed to reflect the nature of degradation and the degree of impacts on the aquatic system. The achievement of the impacts reflects that the consequences of management do not result in degradation of environmental attributes and loss of socio-economic services.
The main objectives consist of providing a brief introduction to the process of assessing environmental impacts and delineating an appropriate procedure, followed by the analyzes of methods of assessing the impacts occurring within the coastal-estuarine environment, which form an important component of the area's management framework. This approach will be assessed through a check-list of the impacts. These data will generate an overview of the changes and sensitivity suffered over the decades and discuss impact assessment and evaluation framework, including the identification of the environmental changes of the installed activities.
Material and Methods
The Suape area researches began in the decade of 1960, when ideas about the feasibility of executing a big Port for exportation and the setting up in its surroundings an industrial park. From 1973 forward, the Master plan for the execution of the port complex with industrial and commercial objectives started to be developed, integrating a wide area to support the port complex. From 1974 to 1976 it was launched the foundation of Suape port complex, when technical, economic and financial studies were carried out to assess the project feasibility. In 1977 the studies were concluded, and the disappropriation of about 13,500 hectares of land were initiated, besides other basic services. After this phase, it began the port infrastructure works, the internal road system, water supply, electricity and telecommunications. At the end of 1978, it was created the Suape-Industrial Complex Port company (state Law No. 7, 763) , with the resolution of implementing the the industrial district, and the works to implant the port activities (VAINSENCHER, 2006) .
The port of Suape began to operate in 1983 and in the follow year (1984) it was built the dock, on stones, for protecting the internal port entrance, opened in the reefs. In 1986, the building of the multipurpose pier was initiated, the CMU. Through this structure it could be moved containers and solid bulk. In 1991, the multi-purpose pier began operating and the port of Suape was included in the list of the 11 priority ports in Brazil, for which the federal public resources of investments in port infrastructure should be directed. In 1999, the construction of the internal port was completed, with 925 meters of new pier accessed by an opening in the reef line, with 300 m wide and 15.5 m deep. The construction of the second stage of the internal port was initiated in 2001, with the dredging of more than 1 million and 300,000 m³ of sand, extending the navigation channel in more than 450 meters, where would be built Pier 4, with 330 meters. The Suape Complex includes the estuaries of the rivers Massangana, Ipojuca, Tatuoca and Merepe and the bay of Suape, with a hydrographic basin of 3,800 km2 located approximately 40 km South of the City of Recife (8°15'00"S-8°30'00"S and 34°55'00"W-35°05'00" W) (Figure 1 ). The basin extension is approximately 15 km, with a minimum depth of 0.8m at low tide and maximum of 4.0 m at high tide. The climate is warm, humid and pseudo-tropical (Köppen As'). The annual precipitation varies between 1,850 mm and 2,354 mm, and the dry season is from September to February and the rainy season from March to August. Salinity varies between 0.05 and 36. The winds are predominantly southeast (KOENING et al., 2002) .
At Suape Port Complex over the last two decades have installed and operating >100 industries, including different activities (among others oil derivative transport and fuel distribution, eg. 2.7 million tons of petroleum passed through the port in the first semester of 2016), and around US$ 17 billion Source: Modified from Neumann-Leitão (1994) .
was invested in the region (SUAPE, 2017) . The construction of Suape's port in 1979 separated the natural reef line into two areas (Suape bay and Ipojuca-Muro Alto) and generated changes in the hydrodynamics along the coast. Costa et al. (2012) studied the macrobenthic communities of this reef, and showed the presence of 47 taxa, of which 11 were exclusive to Suape bay and two to IpojucaMuro Alto. The Suape bay reef demonstrated the greatest richness and a significantly different faunal composition showing that the changes in the area along the implantation of the Port and industries affected the reef and intertidal zone mainly the richness. It was registered two intertidal zonation patterns (high and middle + low). Nodilittorina ziczac and Chthamalus bisinuatus characterized the high zone of the Ipojuca-Muro Alto, and Protopalythoa variabilis and Petaloconchus varians characterized the same zone at Suape bay. The construction of the port altered the tidal cycles so that the Ipojuca-Muro Alto reef now remains exposed for longer periods, resulting in the richness reduction and marked differences in the macrobenthic faunal composition. The original reef before the port implantation was 11 km long with a homogeneous community, but its division by the construction of the port resulted in several impacts to the region, mainly the formation of two different reefs in terms of the ecological characteristic, with the disappearing from the Ipojuca-Muro Alto reef of the coral Favia gravida and the zoanthid Palythoa caribaeorum, and the gastropod Littoraria nebulosa (recorded before the construction of the port), which was not found in all the area.
The methodology for the elaboration of the "check-list" of the indicators was adapted from Tommasi (1994) to estuarine areas. In this table, to be filled out by the researcher by observing in loco, the main environmental impacts are presented in columns and their effects, in queues. Each impact can present weight 1 (small), 3 (moderate) or 5 (extreme), established subjectively, according to its importance in relation to the principles of the analysis adopted.
Extreme impacts were considered that interfere drastically or globally in each environment and moderate all those who, even being expressive, had more punctual characteristics. The effects of the impacts were also valued, but with negative notes (-1, -3 and-5), depending on their intensity, or with zero (0), when absent. The results of the multiplication of the weights attributed to the impacts by the notes Table 1 -Check-List of main impacts indicators in the mangrove/river/bay area.
Observations:
of their effects allowed to classify each impact in the following categories: Small (values -1 to-3); Moderate (values -5 to-9) and extreme (values -15 to -25). The sum of the values of this multiplication provides the general impact index in the studied estuary. This check-list was applied three times in the area, in March, July and November/2018. Na average value was used to get the impact class.
Results and Discussion
The main impacts occurring in Suape during the implantation of the Port are cited in Table 2 . These impacts caused a great geomorphological and hydrological change in all the area reducing mangroves, algae, fauna with negative ecological consequences seen until today.
The class of impacts of the main estuarine ecosystems in Suape Port Complex can be seen in table 3 and figure 2. The most impacted system was the Massangana river (-431) followed by Ipojuca (-296) and Tatuoca (-288). The Merepe river (-249) and Suape bay (-212) presented lower impacts, however still very high.
Ipojuca is the main river that cuts the Suape Port Complex area. It is born in the northern inland of the state of Pernambuco, in the municipality of Arcoverde, and travels approximately 250 km until it flows into the sea, in the municipality of Ipojuca. It presents intermittent regime from the source to the municipality of Caruaru, from where it starts to present perennial regime. The Ipojuca River forms an estuary in the immediate vicinity to the area destined for the undertaking. The Merepe River is a coastal river, presents an extensive mangrove and close to its mouth it meets the Ipojuca River, dewatering together to the south of the port of Suape. Although small, it plays an important role in maintaining ecosystems and communities in their area of influence (NEUMANN et al., 1998) .
The estuaries of the Ipojuca and Merepe rivers, which were already suffering from the launching of organic, agricultural and industrial wastes along their waterways, had their problems exacerbated by the suppression of extensive mangrove areas, the landfill of the mouths of these rivers, the Construction of an artificial mouth and the blockade of the communication of these rivers with the sea, due to the construction of movers for docking of ships. All these changes resulted in the damming of the flow of its waters, causing flooding in the areas used by the sugarcane agroindustry (NEUMANN- LEITÃO, 1994) Trough the check-list of the Ipojuca River the following impacts got the highest class (-25): landfills in the estuary including mangrove, erosive processes, wastewater/pollution emission, siltation, ports and marinas, river bed plumbing and the reef partial breakage. The check-list of the Merepe River presented a better condition and the impacts with highest class were earthwork, erosive processes, siltation, ports and marinas and river bed plumbing. The reef partial breakage at the mouth of the Ipojuca highly affected the Merepe, causing frequent inundations in the sugarcane plantations surrounding its course. Fishing has been greatly impaired with reduced stock.
The implantation of the Port Complex caused direct implications to the hydrodynamics of the Ipojuca estuary. The small-scale temporal variations of salinity in the Ipojuca estuary are predominantly semidiurnal, with the advection of the tide being the main mechanism of longitudinal salt transport, also presenting seasonal variations in response to the rainfall. The optical retro scattering capacity was relatively low in almost the entire low estuary, but shows seasonal fluctuations, with greater signs associated with increased rainfall and consequent increase of material load to the Ipojuca estuary, with higher values during the low-tide stage (LINS; MEDEIROS; ROLLNIC, 2003) . Muniz et al. (2005) showed that the greatest ecological effects in the estuarine area was caused by very low values of dissolved oxygen and pH, and higher temperature and salinity. This was a consequence of the partial interruption of the river with the ocean, decreasing the river-flow velocity at the mouth, causing a high sedimentation, decrease in the water circulation and estuary depth, transforming the river mouth area into a coastal lagoon with high evaporation and salinity. A delay in the dynamic tide cycle of two hours was recorded allowing drastic changes in the river circulation and in tidal currents. Data raised by Batista and Flores Montes (2014) at different points of the Ipojuca and Merepe rivers estuaries showed that the trophic states is very high attesting to the very poor quality of these waters and reflect the strong anthropic pressure on these ecosystems.
According to Koening et al. (2002) the port construction caused significant changes to the phytoplankton community with a strong influence of marine species (mainly dinoflagellate) because of the opening of the reef near the river mouth in 1983. The shallow depth and hydrodynamic brought many littoral species to the water columm. The community was composed by marine euryhaline and limnetic organisms, influenced by the salinity, rain and tide. Species diversity was high (> 3 bits.cel-1) owing to the high environmental heterogeneity (marine, freshwater and benthic interactions). However, most species were r-strategist showing the health decrease of the estuary. After the port implantation, a strong decrease occurred in phytoplankton density owing to high loads of suspended matter.
Since the implantation of SPIC, on the 1970 decade, the traditional remaining populations from old bankrupted sugar cane mills of the area and its surrounding have been suffering the socialenvironmental impacts caused by it, mainly those who survive from agriculture and fishing. The worse
Action
Definition Impact
Rockfill
Placement of massive stones, prior to the construction of the pier By eliminating natural margins, it modified the regime of waves and tides, causing flooding and erosion. The construction of the external dock is pointed as one of the causes of erosion on the beach of Suape. It caused changes in the structure of organisms with damage to the local fauna and flora.
Rock removal
Sandstone disruption of the Reef bead by drilling and placing explosives, with subsequent withdrawal by dredging
By the partial suppression of the reefs, it resulted in the modification of the regime of waves, tides and currents and causing erosion in areas not protected by enrocking, among which the south and east sides of the island of Cocaia. It destroyed and buried species of fauna and flora that had the reefs removed as habitat, while favoring the fauna of the marine environment, to the detriment of the estuarine, in the environment of the Suape Basin.
Oceanic boot-off Location for disposal of dredging waste
By the alteration of the bathymetry, formation of feathers, release of sediment residues to the water column, increase of turbidity and reduction of light penetration in the place and in the vicinity of the launch. Temporarily reduced benthic populations because of the turbidity of water.
Vegetation suppression Removal of vegetation
For having caused the loading of sediments for estuaries and coastal areas, changes in river discharges, erosion of margins, in the case of removal of mangroves, increased turbidity and siltation. With reduction of the vegetation cover, reached more intensely the mangroves (suppressing 936 ha), followed by dense forest formation (Atlantic Forest, suppressed 306 ha), and also the suppression of the flora; with alteration of the landscape, impairment of the natural population balance of the species, elimination and reduction of feeding area, shelter, reproduction and rest, leading to almost total disappearance of some species.
Dredging
Removal of soils from the isthmus By increasing turbidity, reducing light penetration, releasing sediment residues to the water column, induction of stratification, increased salinity and alteration of residence time in the estuary water. By the irreversible suppression of the background aquatic flora, causing reduction of food supply, nesting areas, shelter, reproduction, displacement of the macrofauna and elimination of flora and elements of the terrestrial fauna. Also due to the alteration of the oceanographic conditions of the area, greater supply of salt water, increased turbidity, decreased quality and quantity of habitats for characteristic species and local sedimentological modifications Landfill -By modifications of the local morphology, modification of the regime of waves, tides and the increase of flooding. By preventing the flow and reflux of water and the suppression of vegetation, affecting the supply of area in quantity and quality for habitats, as well as for areas of spawn and shelter of coastal marine organisms, impairing, among others, the occurrence of Mollusks and crustaceans of economic value.
impact was the closing of the passage of the Ipojuca and Merepe rivers to Suape bay. As no access to this estuary was available, unless carrying the boat out of the water through the CIPS, most fishermen could not go fishing in the most productive rivers of the region. It was observed that the environmental discourse 
Class of Impacts
Figure 2 -Class of impacts of the main estuarine ecosystems in Suape Port Complex, Pernambuco, Brazil presents contradictory, since the CIPS apparently presents its activities governed by public policies allied to sustainability; however, historically, it also acts in a context of legitimation through public policies and strictly economic activities, inserted, therefore, in a logic of exploration and appropriation of this nature that it theoretically seeks to preserve (MORETTI; COX, 2016). Recently a thermoelectric power plant was constructed at the Ipojuca River mouth named TERMOPERNAMBUCO (Termope). Copergás and Petrobras provide gas to termope, in the volume of 2,150,000 m³ per day, in a contract valid for the same period. To serve our customers, UTE Termopernambuco is connected to the National Interconnected System (NIS) by a transmission line of its own. The works of the future thermoelectric power plant (UTE) Termopernambuco began in 2001, as part of the priority program of Thermoelectricity of the Federal government. About US $400 million were invested, being 30% of equity and 70% of thirdparty capital. The plant entered commercial operation on May 15, 2004, when the gas supply contract with Copergás and Petrobras became effective. The commitment provides for the delivery of the volume of 2,150,000 m³ per day, for a period of 20 years. The land occupied by Termope allows the duplication of the plant, which can reach the power of 1,064 MW.
The use of fossil fuels in electrical generation and other activities, from production to transportation, is the main cause of global warming, with direct consequences on climate change and thus intensifying phenomena such as floods, longer dry season, extinction of species, among others (COSTA, 2012) . The launching of warmer water in the estuary also causes several impacts, including the death of several species, reducing local productivity.
The rivers Massangana and Tatuoca belong to the group of small coastal rivers. The Massangana River is born in Ipojuca and runs approximately 25 Km to its mouth, at the time of the island of Cocaia, in the area of the Cips, its basin extends for approximately 110 Miles2, covering part of the municipalities of Cabo and Ipojuca.
The Tatuoca River, although it is commonly referred to as a river, is a sea arm that does not exceed Litter deposition -9 -9 -9 -15 -9
Extensive agriculture -9 -3 -1 0 0
Subsistence farming -9 -3 -1 0 0 Table 3 -Check-List of main impacts indicators in the main estuarine ecosystems of Suape Port Complex, Pernambuco (Brazil).
the limits of the CIPS (8 km). Two of its tributaries are in the area reserved for the implementation of the oil refinery: the Cabo Verde Creek and the Taveiro Melo Creek. As has already been said, the rivers of this basin traverse important urban and rural areas, both from the point of view of population density and from the point of view of agricultural and industrial activities.
The check-list of impacts of the Tatuoca River presented as the highest class (-25) the urban expansion, landiffills in mangroves, vegetation degradation, wooden cuts in mangrove, mangrove death and artificial opening of the estuary for assessing a shipyard. To facilitate the arrival of this andStalker was made a deepening of the river gutter, whose subsequent siltation of its mouth in the Bay of Suape, caused salinization of the innermost areas of the Tatuoca River, decreasing the plankton and fish community. The check-list of impacts of the Massangana river presented the worst condition of all ecosystems studied. Highest score (-25) were obtained to urban expansion, earthwork, landfills in mangroves, paths in mangroves, erosive processes, vegetation degradation, wood cuts in the forests adjacent to mangroves, wooden cuts in mangrove, mangrove death, bridges, ports/marinas, dams and canal obstruction, river bed pumbling and artificial opening of the estuary.
According to Braga et al. (1989) since 1988 occur mangrove destruction in CIPS. Of the 598 ha of degraded mangroves, 384 ha were destroyed by flooding and 213 ha for grounding. Considering only the area of jurisdiction of the industrial and port complex in 1988, of the 1.005 ha of mangrove existing within its limits, 60% were already degraded. These alterations occurred mainly in the mangrove of the Tatuoca River and part of the Massangana River.
The Massangana River, despite its small extent, has poor water quality in its final stretch. Physicochemical data from samples collected in this river, within the area of direct influence of the CIPS, showed values indicative of strong organic and chemical pollution. Testimonials from fishermen report the absence of fish and crustaceans in recent times, because of the level of pollution of the river in this area.
The physical characterization of the Suape bay showed a well-mixed vertical structure, a semidiurnal tide regime and a diurnal thermal pattern. The residual transport of dissolved dispersed petroleum hydrocarbons (DDPHs), chlorophyll and dissolved oxygen, was towards the Massangana estuary. An opposite pattern was observed for salinity and suspended particulate matter (SPM), whose residual transport was towards the bay. The results pointed local hydrodynamics as an essential tool for understanding material transport and exchanges among the estuarine segments (ZANARDI-LAMARDO et al., 2018) .
The deterioration of the water quality is to be expected as a result of the harbor activity, industrial effluents and eventual accidents, which may contribute to the introduction of oil into the system (LEMOS; CARVALHO; ZANARDI-LAMARDO, 2014) .
A serious problem for the area, mainly the vicinity of the Suape Bay, was in relation to the socioeconomic impacts in relation to the residents of the CIPS. In the year 1980, an agreement was signed between the cooperative and Suape aiming at the transfer of associates, residents, and rural workers to other dwellings owned by the cooperative, which had sold part of the lands to the CIPS. The signed term predicted that the company Suape would seek with the Government of the state the construction of a residential village by means of an agro-village project to incorporate the rural workers who would leave the land. Finally, the term established the payment of Compensation for land and plantations and benefactors made by the besiegers occupying such lands (SILVEIRA, 2010) .
Such commitments have not been fully fulfilled, with several problems both in the process of transferring of the residents, as in the payment of compensation for the land. As a result, several families still live in these lands Together with other residents who still inhabit the territory considered of the CIPS, since its implantation, facing the Impacts from the installation and transformations derived from the projects of the same, as well as the repression by the company Suape, through its company of patrimonial security (SILVEIRA, 2010). Diegues (2008) when speaking of a conservation modality with a socio-environmental focus-which defends the conservation of environment associated with access to land and natural resources by peasants, fishermen and riverside-states that they see the environmental crisis deeply linked to the crisis of the development model (only economic).
Cavalcanti (2008) incorporates environmental aspects into its Critical to the current development model (practiced in the CIPS), as the used model does not contemplate ecosystem resources. He cites a mechanism that economists adopt in their reasoning, defined as "production function", which completely omits the input nature. Thus, initiatives to promote the economic development at all costs cause the destruction of the natural and social heritage. The case of the complex Port Industrial of Suape shows this very clearly.
